Combining ability studies in oilseed sunflower were undertaken with a set of 5 × 4 line × tester including parents for the characters seed yield, 1000-seed weight, days to flowering, days to physiological maturity, plant height, head diameter, stem diameter, oil content, fatty acid content (oleic, linoleic, palmitic, and stearic acids), protein content, seed length, seed width, and hull percentage. General (GCA) and specific combining abilities (SCA) and heterosis of inbred lines and their hybrids were estimated in a line × tester analysis during the first and second crop production seasons in Menemen, Izmir, Turkey. The variances due to GCA and SCA were highly significant for most of the characters in both environments. The ratio (H/D)1/2 and σ 2 GCA/ σ 2 SCA depicted the preponderance of non-additive type gene action for all the characters except plant height, head diameter, seed length, palmitic acid content, and stearic acid content. However, both types of gene action were observed for seed yield, hull percentage, 1000-seed weight, oil content, and stem diameter at stem curve point. In this study, GCA effects were found to be highly significant for all traits, while SCA effects were non-significant for most of the traits. Based on GCA effects in the first and second crop production seasons, the inbreds 0043 cms, 0046 cms, 0195 cms, 0583 cms, 0704 cms, 0708 Rf, 0845 Rf, 0951 Rf, and 1097 Rf exhibited desirable GCA effects and were found to be good general combiners for most of the traits. Thus, they can be exploited by further breeding for developing superior genotypes and hybrids in sunflower.
INTRODUCTION
As the leading product in the production of oilseeds with great importance in human nutrition, sunflower has a significant place in the Turkish economy. Our vegetable oil deficit, which is increasing with the rapid population growth, will only be closed via increased production, which is possible, in turn, through the utilization of the existing potential area, the preference of sunflower specifically as a secondary product, and the application of new technologies. In hybrid breeding, grain and oil yields are increased by using the heterosis effect. The high performance of hybrid combinations depends on the combining abilities of parents and success in combination breeding is secured via the selection of the right parents (Tan, 1993; Tan, 2000; Tan, 2004; Tan, 2005; Tan, 2009) . Therefore, parents must be examined in terms especially of economically significant properties to select the right ones to form hybrids. Properties addressed for heritability in plant breeding are also significant in terms of selection feasibility. As a general definition, heritability is defined as the ratio of total genotypic variance (encompassing additive, dominant and epistatic variances) to phenotypic variance (Kemptorne, 1957; Falconer, 1975) . In the narrow sense, heritability is the ratio of additive variance (which is of great importance in terms of the properties to be transferred to the next generation) to the total variance (Falconer, 1975) . Grain yield in sunflower depends on a number of factors, most notably the environment.
Plant breeders aim to reach the maximum level of heterosis during hybridization. Hallauer and Miranda (1981) divided heterosis-related studies into two categories: a) physiological impulse, allelic interaction or over-dominance, and b) correct dominance factor.
On the other hand, different views proposed to explain heterosis focus on three points, which are:
1. partial dominance, 2. super dominance and 3. varied epistasis.
However, the correct thesis has not yet been determined.
Studies on the properties under the influence of the combining ability are especially important for successful hybrid breeding. Combining ability is defined as the ability to transfer the desired properties of appropriated lines entered into hybrid combinations to hybrid offspring (Hayes and Immer, 1942) . Sprague and Tatum (1942) define general combining ability as the average performance of a line in a hybrid combination and specific combining ability as the better or poorer performance than expected of a given hybrid combination. Properties under the influence of general combining ability are affected by additive gene action, while properties under the influence of specific combining ability are affected by non-additive gene action or dominant and/or epistatic gene action (Falconer, 1975) . Falconer (1975) established that the difference in general combining ability stems from additive variance and additive × additive interaction due to different environmental conditions, while the difference in specific combining ability is attributed to non-additive genetic variance. General/specific combining power can be estimated via various methods, the most common of which is diallel analysis (Griffling, 1956) . Line × tester (multiple sequence) analysis is the modified version of the top-cross method proposed by Kemptorn (1957) and is used as a suitable method for hybrid variety breeding programs where especially cytoplasmic sterile and restorer lines are included as parents (Singh and Chaudary, 1977) . The main objective of this study is to calculate general and specific combining ability and heterosis, heterobeltiosis values and heritability to identify hybrids that are suitable in terms of the addressed properties for parent breeding.
MATERIAL AND METHODS
In this study, five cytoplasmic male sterile (cms) lines (cms 0043, cms 0046, cms 0195, cms 0583 ve cms 0704) and four restorer (Rf) lines (0708 Rf, 0845 Rf, 0951 Rf ve 1097 Rf) were hybridized via the line × tester (multiple sequence) method. Five cytoplasmic male sterile (cms) and 4 restorer lines were crossed. The plant characters: seed yield (g), 1000-seed weight (g), days to flowering, days to physiological maturity, plant height (cm), head diameter (cm), stem diameter at the bottom internode (cm), stem diameter at stem curve point (cm), oil content %, oleic acid content %, linoleic acid content %, palmitic acid content %, stearic acid content %, protein content %, seed length (mm), seed width (mm), and hull percentage were studied.
Parental lines (cms and Rf) in the study were as follows:
Parents and their hybrids were planted in three rows per plot. The rows were 0.70 m apart and 7.70 m in length. At the harvest, the 1 st and 3 rd rows and first and last plants of the middle row were removed as the edge effect and 20 plants in the middle were harvested for evaluation. All values were first evaluated via variance analysis (VA) (Steel ve Torrie, 1980) , after which line × tester analysis was applied (Singh ve Chaudary, 1977) .
A two-sided table was created for lines (cms) and testers (Rf) in the line × tester analysis to degrade hybrid squares into the mother, father, and mother × father interaction components (Singh and Chaudary, 1977) .
Hybrid values were created on the basis of average values (Arunachalam, 1974) .
GCA effects of lines and testers, SCA effects of lines × testers, and the variances of these values were calculated (Griffling, 1956; Kempthorn, 1957; Rao et al., 1968; Singh and Chaudary, 1977) .
The KOV(HS) average value was equivalent to the GCA variance and the KOV(FS) value was equivalent to the SCA variance. These values and additive variance (σ 2 D) and dominance variance (σ 2 H) components were used to identify proportional relations.
General (GCA) and specific combining ability (SCA) and heterosis of inbred lines and their hybrids were estimated in a line × tester analysis during the first and second crop production seasons in Menemen, Izmir -Turkey.
Heterosis, heterobeltiosis (Hallauer and Eberhard, 1966; Hallauer and Miranda, 1981) :
Significance check of heterosis (Cochran and Cox, 1957; Steel and Torrie, 1980) : Significance check of heterobeltiosis was performed via LSD test (Fonseca ve Patterson, 1968 ).
Broad sense heritability (H) values were calculated according to Kempthorn (1957) .
Narrow sense heritability (h 2 ) values were calculated according to Falconer (1975) .
Floral receptacles of all cms and Rf lines were isolated before flowering for the purpose of preventing allogamy. Twenty hybrid (F 1 ) and nine parent seeds were cultivated according to a randomized block design with four replications under main (primary) and secondary product conditions and evaluated in terms of the addressed properties. The cultivation was in three rows per plot with a length of 7.70 cm and an interval of 70 cm. During the harvest, one plant each from the 1 st and 3 rd rows and the middle row of each plot were removed as the edge effect and 20 plants in the middle were harvested for evaluation. The properties addressed in % Heterosis (Hs) = the main and secondary product in the trial plots and harvested seeds were plot yield, 1000-kernel weight, days to flowering, days to physiological maturity, plant weight, receptacle diameter, grain size, grain width, hull ratio, oil ratio, protein ratio, oleic acid ratio, linoleic acid ratio, palmitic acid ratio, stearic acid ratio, stem diameter and head diameter. The findings were processed through pre-variance analysis (Steel and Torrie, 1980) and in case of the presence of inter-genotypic variance; line × tester (multiple sequence) analysis was implemented (Singh and Chaudary, 1977) .
Effects of general and specific combining abilities and general and specific combination variances were calculated according to the method proposed by Kempthorn (1957) , Rao et al. (1968) , and Singh and Chaudary (1977) . First, a two-sided table (Singh and Chaudary, 1977) was created for lines (cms) and testers (Rf) in the line × tester analysis and the values thus obtained were used to calculate total repetition values of combinations via degrading hybrid squares into the mother, father, and mother × father interaction components. Hybrid values were created on the basis of average values (Arunachalam, 1974) . Two-sided table values, general combining ability effects of lines and testers, and specific combining ability effects of lines × testers -via the method proposed by Griffling (1956) -and the standard deviations of these values were calculated. The KOV(HS) average value was equivalent to the general combining ability variance and the KOV(FS) value to the specific combining ability; these values and additive (D), dominance (H) variance components were used to identify proportional relations. Heterosis (%) and heterobeltiosis (%) values for the properties addressed in the study were calculated according to Hallauer and Eberhard (1966) and Hallauer and Miranda (1981) . Significance check of heterosis was calculated according to Cochran and Cox (1957) and Steel and Torrie (1980) , while the significance check of heterobeltiosis was performed via LSD test (Fonseca and Patterson, 1968) . Narrow (h 2 ) and broad (H) sense heritability values were calculated according to Kempthorn (1957) and Falconer (1975) .
In this study, the statistical significance of the mean square values of the addressed properties confirmed the presence of variance in the research material in terms of these properties.
RESULTS AND DISCUSSION
Variance estimates for GCA and SCA, dominance and additive variance components, and their proportional relations were determined.
All characters were evaluated via variance analysis and highly significant differences were found among the genotypes (Steel and Torrie, 1980) (Tables 1, 2 , 3, 4, 5, and 6).
Line × tester analysis (Singh and Chaudary, 1977) indicated that there were significant variations present among the parents and their hybrids for all the traits studied (Tables 7, 8 , 9, and 10). The variances due to GCA and SCA were highly significant for most of the characters in both environments (Table 11 and 12). The ratio (H/D)1/2 and GCA/ SCA suggested that additive gene action was significant for plant height, head diameter, seed length, palmitic acid ratio, stearic acid ratio, stem diameter bottom, and bottom 2. -3. node point. Dominance (non-additive) gene action was significant for days to flowering, days to physiological maturity, seed width, protein ratio, oleic acid, and linoleic acid ratio. Both types of gene action were significant at different cultivation times: GCA and SCA effects were variable in different seasons; therefore, both types of gene action were observed for seed yield, hull percentage, 1000-seed weight, oil content, and stem diameter at stem curve point. Properties under the dominant gene action demonstrated an (H/D)1/2 ratio of more than 1, which indicated the presence of super dominance for these properties.
As a result genetic analysis in different seasons will give better understanding of gene expression before embarking on selection.
In the first and second crop production seasons, the inbreds 0043 cms, 0046 cms, 0195 cms, 0583 cms, 0704 cms, 0708 Rf, 0845 Rf, 0951 Rf, and 1097 Rf exhibited desirable GCA effects and were found to be good general combiners for most of the traits; thus they can be exploited by further breeding for developing superior genotypes and hybrids in sunflower.
When the general combining ability (GCA) values of the parents are concerned, 0195 cms, 0583 cms, 0704 cms, 0708 Rf and 0845 Rf were identified as lines with high general combination ability. These lines can be recommended to be used as parents in different hybrid combinations.
When the specific combining ability of the hybrids is concerned, some combinations can be recommended as hybrids for the first and second crop production times with statistical significance in SCA in terms of the characters studied. The highest heterobeltiosis value was observed in the plot yield with 79.44% (hybrid No.21). The lowest value was observed in 1000-kernel weight with -36.68% (hybrid No.18) in the second production time (Tables 13 and 14) .
The highest and lowest narrow sense heritability (h 2 ) values in the main production time were 0.810 and 0.059 for seed size and 1000-seed weight, respectively. In the second production time, the highest and lowest values were 0.756 and 0.065 for seed size and protein ratio, respectively. The highest and lowest broad sense heritability (H) values in the main production time were 0.990 and 0.239 for seed size and seed yield, respectively, while in the second production time they were 0.951 and 0.330 for days to flowering and head diameter, respectively.
As for variance estimates for general and specific combining ability, dominance and additive variance components, and their proportional relations, additive gene action was significant for plant height, receptacle diameter, grain size, palmitic acid ratio, stearic acid ratio and stem diameter, while non-additive gene action was significant for days to flowering, days to physiological maturity, grain width, protein ratio, oleic acid, and linoleic acid ratio. In addition, different gene actions were significant at different cultivation times for grain yield, 1000-kernel weight, oil ratio, and hull ratio, and head diameter. Accordingly, the non-additive gene effect was sig- nificant for the main product and additive gene action for the secondary product for 1000-kernel weight and oil ratio. Additive gene action was significant in the main product and non-additive gene action for the secondary product for head diameter. Properties under the dominant gene action demonstrated an (H/D)1/2 ratio of more than 1, which indicated the presence of super dominance for these properties. When general combining ability values of the parents are concerned, 0195 cms, 0583 cms, 0704 cms, 0708 Rf and 0845 Rf were identified as lines with high general combination ability in terms of the stearic acid ratio of products. These lines can be recommended to be used as parents in hybrid combinations.
When specific combining ability of hybrids is concerned, hybrid No. 18 (0195) × 0708) can be recommended as hybrids with statistical significance in specific combining ability in terms of the linoleic acid ratio of secondary products.
The highest level of heterosis (%) was identified as 142.64% for plot yield in the hybrid No. 21, whereas the lowest heterosis level was observed in the palmitic acid ratio with -22.02% in the hybrid No. 25.
As for heterobeltiosis, the highest value was observed for plot yield with 79.44% (hybrid No.21), while the lowest value was observed for 1000-kernel weight with -36.68% (hybrid No. 18) in the secondary product.
The highest and lowest values of heritability in the narrow sense were 0.810 (in grain size) and 0.059 (in 1000-kernel weight) in the main product, respectively, and 0.756 (in grain size) and 0.065 (in protein ratio) in the secondary product, respectively. The highest and lowest values of heritability in the broad sense were 0.990 (for grain size) and 0.239 (for plot yield) in the main product, respectively, and 0.951 (for days to flowering) and 0.330 (for receptacle diameter) in the secondary product, respectively (Table 15 ). 
